The Texas Tech University (TTU) research group is actively studying the wake development of wind turbines, as part of developing innovative wake control strategies to improve the performance of wind farms. Recently, the team received a set of five new ground lidars to perform field measurements at the Sandia National Laboratories SWiFT site.
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INTRODUCTION
The TTU research group is actively studying the wake development of wind turbines, as part of developing innovative wake control strategies to improve the performance of wind farms. Recently, the team received a set of five new ground lidars (Pentalum SpiDAR) to perform field measurements at the Sandia SWiFT site.
This document describes tests details including configurations, timeframe, hardware, and the required collaboration from the Sandia team. This test plan will facilitate the coordination between both TTU and the Sandia team in terms of site accessibility, staff training, and data sharing to meet the specific objectives of the tests.
TEST OBJECTIVES AND SUCCESS CRITERIA
The following table summarizes the primary and secondary test objectives for the test plan along with the criteria used to evaluate the success of the test in achieving the objectives. Primary objectives are required to be completed while secondary objectives are only to be pursued after successful completion of the primary objectives. Characterization of the inflow and determination of the time correlation between the met tower (METa1) and SpiDARs. Success Criteria:
 All the SpiDARs obtain data at higher than 80% data availability rate.  Comparison of SpiDAR and METa1data is conducted. Secondary Test Objective(s) -May be completed after primary test objective is complete STO1:
Binning of data availability across various stability, wind speed and turbulence intensity conditions. Success Criteria:
At this point, wind speed bins or turbulence levels are not priority. However, the functioning of the SpiDARs during various atmospheric conditions is. Primary Test Objective(s) -Must be completed for a successful test PTO2 (Phase 2 & 3): Comparison of wake measurements from nacelle and ground lidars. Success Criteria:
 All SpiDARs obtain data at higher than 80% data rate.  Compare data obtained from ground based Lidars and nacelle mounted lidars for times when wake is captured by at least 1 one of the ground based SpiDARs.
ROLES AND RESPONSIBILITIES
Describe all the roles and responsibilities of the personnel that will be involved in all stages of the test plan. 
UNIQUE HAZARDS
The following table provides a high-level summary of major hazards that are unique to this test. Further information on hazards and controls for this test are provided in the safety documents. 
SCHEDULE
Describe the major phases of the test. This could be in the format of a calendar or other format that best conveys the information. figure 1 . The location of the SpiDARs was chosen taking into consideration the location of met tower guy wires. Until installation of turbine WTGa2 starts Phase 2: The SpiDARs will be placed in a row at a distance of 4D (108 m) away from the turbine WTGa1. The configuration of the SpiDARs is shown in figure 2 .
During installation of turbine WTGa2
Phase 3: Likewise phase 2, the SpiDARs will be placed in a row, but closer to the turbine WTGa1 in order not to interfere with the construction of the turbine immediately downstream. The TTU team is considering placing the row of SpiDARs up to 2D (54 m) away from the turbine WTGa1, since this is the minimum distance that the DTU Spinner Lidar needs to cover the wake envelope.
CONFIGURATION
Definition of test area and conditions
Test area and configuration Describe the test area boundary and provide maps or images to support. Include any schematics of data, power, or other systems that are helpful. 
Equipment, facilities, and materials
The following is a list of major equipment, facilities, and materials required for the test activities along with the supplier as indicated in the parentheses. Data  METa1 sonic anemometer at all heights: this data is required in three phases.  DTU Spinner Lidar: this data is required in both phase 2 and 3.  Pentalum SpiDAR: this data is required in both phase 2 and 3  WTGa1 data will be required in all phases. In phase 1, data will be used to prepare postprocessing codes for subsequent experiments.
PROCEDURES
This section will present the major test procedures that will be used to achieve the test objectives. Details regarding specific steps related to safety should reference relevant safety documents (OP, JSA, TWD, etc.).
Setup
This section could describe the procedures involved with delivering and configuring the equipment on site.
Lidar placement: The ground will be mowed where the SpiDARs will be placed along with access paths to avoid the likelihood of snakes and other wildlife. The SpiDARs will be delivered to site by a truck. Each SpiDAR weighs approximately 75 kg. Therefore, to put the SpiDAR on the ground, based on previous experience of the TTU team, three people will be required:  One person on the truck bed will be pushing the SpiDAR out of the bed.  Two people on the ground will be holding the SpiDAR from its legs.  Once there is only one leg left on the truck bed, the person on the truck bed will get off the truck and hold the third leg coming off the truck bed. Once the SpiDAR is on the ground, three people will carry the SpiDAR to its final location by lifting it from its handles. The SpiDAR will be anchored to the ground by inserting an anchor rod through the outer hole of each foot pad (see SpiDAR manual, section 4.5). After the completion of each phase, the SpiDARs will be lifted by three people from its legs and located on the truck bed to be moved to their next location.
Electrical cables: Extension cables will be place according to the schematic for each testing phase. Extension cables will be protected by heavy duty rubber cable protectors anywhere cables must cross roads where vehicles will travel. Access: Daily physical access by TTU staff and students will be required to the SpiDARs until they are fully configured and working. During the data collection stage, weekly access will be required to service the SpiDARs. This will be coordinated through the SWiFT Site Supervisor.
Testing and data collection
This section describes the major testing campaign and data collection details Phase 1: The purpose of phase 1 is to test SpiDAR function and compare METa1 data. TTU team will move the SpiDARs to the location in figure 1 . The configuration will also permit measuring horizontal variability of the inflow. Additionally, the SpiDAR's ability to measure turbulence will also be tested. The SpiDARs will be located in phase 1 configuration for a period of 3 weeks. The measurements and SpiDAR status will be monitored on daily basis (remotely if SpiDAR cellular communication is established). Data channels of METa1 as shown in Appendix A will be used for data comparison.
Phase 2:
The purpose of phase 2 is to characterize the WTGa1 wake cross-section at 5D downstream, as shown in figure 2 . Additionally, phase 2 will also test the SpiDAR's ability to measure in wake turbulence. Further, the TTU team will require access to the data from the DTU Spinner Lidar for comparison purposes. The TTU team also needs to know in advance the date the construction of the turbine WTGa2 (immediately downstream) will start in order to proceed relocating the SpiDARs. The SpiDARs will be located in phase 2 configuration until WTGa2 work will commence. The SpiDAR performance and data will be remotely monitored or if needed manually once every week. Data channels of METa1 and WTGa1 as shown in Appendix A will be utilized for the study.
Phase 3:
The purpose of phase 3 is to characterize the WTGa1 wake cross-section at 2D downstream and the additional goals are same as phase 2. The SpiDARs configuration is shown in figure 3 .
Teardown
Upon the completion of testing, all equipment and materials will be removed from the site and returned to their respective owners. The site will be returned to the pre-test state as much as possible.
REPORTING
This section describes the reporting requirements for the test and could include:
 Recording any safety incidents  Reporting requirements to external groups or government agencies  Interim reports on the status of sensors  Deviations from the test plan  A final report summarizing the test plan activities and success towards meeting the test objectives.  A final test report at the conclusion of the experiment.
APPENDIX A: SWiFT DATA CHANNEL PRIORITY LISTS
The following two tables provide the full data channel list for the SWiFT met towers and the SWiFT turbines. The priority column represents the importance of the data channel for phase 1. The higher the priority (1 being highest priority), the more attention and resources that channel will receive if there are issues with the sensor. 
Phase 1 Priority Data Channels
RH_2m
Relative Humidity at 2m height Back up for relative humidity measurement at 27.5 m (see above) 3
Temp_2m
Temperature at 2m height Back up for air temperature measurement at 27.5 m (see above) 2 Nacelle wind direction corrupted by rotor and nacelle, will not be used. Met tower wind direction to be used instead. 
